Abstract Geotourism is a useful way to educate societies in the field of geomorphology and related natural hazards. Geosites, including geomorphosites, represent the basis for the development of this type of tourism. This study describes 12 representative gully regions within nine European countries. The characteristics of 42 permanent gullies, gully systems, and badland landscapes are presented. Based on scientific values of the sites, educational lessons to be learned were identified that are mainly related to (i) gullies as a geological window, (ii) present-day geomorphological processes and (iii) stages of historical gully erosion reflecting past human-environment interactions. To evaluate possible education activities, a geotouristic assessment of the studied gullies and badlands was made, based on scientific, educational, functional and touristic indicators. This assessment demonstrates a large difference between the selected gully and badland sites, particularly with regard to functional and tourist values. The geotouristic potential of gullies (badlands) is the highest in Italy and Spain and the lowest in Romania and Latvia. In some countries, permanent gullies are not regarded as geotouristic attractions at all, while in others, they constitute a significant element of their tourism development strategy. In our opinion, all activities must be part of a broader strategy for the development of geotourism in gully and badland regions, for example, gullies may be included as geosites within existing or planned geoparks.
Introduction
Educating society about processes shaping the surface of the Earth is a fundamental task and a challenge of contemporary geomorphology. Scientific progress about understanding the origin, age and dynamics of landforms has been impressive. However, geomorphologists should make a greater effort to demonstrate the relevance of their discipline to a wider audience and not to be an Binvisible scientific discipline^ (Tooth 2009; Giusti 2012) . Raising the public awareness of natural hazards is fairly important (e.g. Dunbar 2007; Coratza and De Waele 2012) . Contemporary geomorphological processes may cause negative impacts for people and society, and it is much easier to efficiently counteract these phenomena when the general public understands the nature and scale of the threat. This study focusses on one of these processes, namely gully erosion, which is a major natural hazard in many parts of the world (Valentin et al. 2005; Castillo and Gomez 2016) . One of its consequences is the formation of permanent channels, which leads to an increased valley density. Land management becomes difficult in highly dissected terrains. The impact of permanent gullies on historical and present-day land use and agriculture can be observed at both local and regional scales (e.g. Kuhlman et al. 2010; Zgłobicki and BaranZgłobicka 2011; Vergari et al. 2013; Yitbarek et al. 2012; Zgłobicki et al. 2015a) .
Applying the concept of geotourism, geoparks, and geosites (including geomorphosites) to particular landforms is the best way to transfer geomorphological knowledge to society (e.g. Thomas 2012; Hose 2013; Zgłobicki et al. 2015b) . A geosite is a geosphere feature of particular significance for understanding the history of the Earth (Reynard 2004) . Geosites should have a protective, scientific, educational and touristic function. Geomorphosites are landforms of high scientific value that should also be attractive for tourists, i.e. sites having cultural, ecological and aesthetic values (Panizza 2001) . According to Reynard (2005) , Ba geomorphosite is a landform to which a value can be attributed.^This means that a geomorphosite cannot exist if it does not have one or more significant values from the human perspective (Pereira and Pereira 2010) . Apart from being important for scientific knowledge about the Earth, climate and life history (representing a basic value), geomorphosites should also attract tourists (e.g. Reynard et al. 2011; Zgłobicki and Baran-Zgłobicka 2013) . Different types of sites can be distinguished (e.g. Giusti et al. 2013 ): (i) landforms (e.g. tors, sinkholes, waterfalls at knickpoints in river channels), (ii) rock and sediment outcrops providing insights into the origin of the land surface (visible in, e.g. road cuts, quarries and gravel pits) and (iii) viewpoints offering an opportunity to examine landform diversity at a larger scale (mountain ridges, escarpments). The classification of geomorphosites is mainly based on their origin (Ielenicz 2009 ). The designation and management of sites are inevitably associated with a range of practical issues. These include the selection of sites to be presented, their representativeness, the level and quality of information offered, provision of adequate access and avoidance of potential conflicts with interest of nature conservation, among others.
So far, 131 research papers indexed in the Web of Science (all databases, at 01.05.2017) contain the term Bgeomorphosite or geomorphosites^in their titles. These papers deal with (i) terminology and methodology problems (Panizza 2001; Reynard and Coratza 2007; Reynard 2008; Erhartic 2010; Kubaliková 2013) , (ii) synthetic reviews of geomorphosites at national scale (Giusti and Calvet 2010; Warowna et al. 2013; Kale 2014 ) and (iii) specific types of geomorphosites such as glacial (Garavaglia and Pelfini 2011) , fluvial (Wiederkehr et al. 2010) , anthropogenic ) and granitic (Ginesu and Secchi 2009 ). In addition, several special journal issues related to geomorphosites have been published as well, i.e. Reynard and Coratza (2007) , Giusti (2010) and Reynard et al. (2016a) .
Permanent gullies are channels, cut into unconsolidated rocks and regolith, typically by ephemeral flow from rainstorms or meltwater. Such channels are relatively narrow and deep (up to 25-30 m) and difficult to cross, to ascend or, in cropland, to erase by conventional tillage equipment Goudie 2004; Neboit 2010; Vanmaercke et al. 2016) . Badlands are deeply and densely dissected erosional landscapes (with many permanent gullies), formed in soft rock terrain, commonly but not exclusively in semi-arid regions (Torri et al. 2000; Goudie 2004) .
Permanent gullies and badlands in Europe have been described regionally and as case studies. De Ploey (1989) produced a map of West Europe indicating badland areas, i.e. areas having high gully densities (see also Poesen and Hooke 1997; Nadal-Romero et al. 2011) . However, there are no systematic overviews of the most important regions and sites with permanent gullies at the subcontinental scale. The number of publicat ions dealing with gul lies as geomorphosites is also very small. Some studies indicate that permanent gullies in the upland regions of Poland are tourist attractions (Zgłobicki and Baran-Zgłobicka 2013) . The geotouristic value of loess geoheritage, including gullies (Warowna et al. 2016 ) and the educational possibilities (Zgłobicki et al. 2015b) , were also assessed. Gullies were also included in regional studies on geotourism (e.g. Gregori et al. 2005 ; Solarska and Jary 2010; Coratza et al. 2011; Vujičić et al. 2011; Papčo 2014; Bollati et al. 2016) .
In the era of digital media, web-accessible open databases of geosites play the most important role in the development of geotourism. They offer the first insight into the geodiversity of an area, help plan geotouristic routes and act as virtual guides. They should contain information about the scientific value of the site itself, as well as practical tips on getting there and around (Zgłobicki et al. 2015b) . Such databases are developed in some European countries, for example in Spain, Italy or Poland.
Therefore, the objectives of this study are (i) to select representative gully regions/sites (case-study areas) in various European regions, (ii) to indicate the most important scientific and educational lessons to be learned from these sites and (iii) to evaluate the geotouristic value of the selected gully sites.
Materials and Methods

Permanent Gullies in Europe
Based on a literature review, 12 major gully regions located in 9 European countries were identified (Fig. 1) . The studied countries were selected to represent the most contrasting European regions (in terms of physical geography) with gullies, i.e. North, Central and South Europe. The most important climatological and lithological regions where gully erosion is a typical geomorphic process were included in the study. Table 1 provides more information on some characteristics of these regions. Gullies and badlands from these regions have been described in several publications. The selected individual gullies and badland zones must be seen as examples to illustrate the value of gullies for education and tourism rather than being representative of each country or of Europe as a whole.
Two main types of gully regions can be distinguished. Firstly, there are badlands that developed on slightly consolidated formations in south Europe under Mediterranean climatic conditions, and these may have a natural or anthropogenic origin. Secondly, permanent gullies formed in loose sediments, in Western and Central Europe, most often in loess deposits, and their development are strongly linked to past and current agricultural activity under temperate to continental climate. The spatial scale and complexity of these forms are different. Single gullies represent geotope scale, while badlands are gully-rich scenery or group of gullies forming a network (a geosystem scale).
The diversity of natural environmental characteristics, geology, climate and topography, within and between the gully regions, is thus considerable (for characteristics of gully regions, see Table 1 ), enabling the selection and study of diverse gully sites. Within each gully region, one or more gully sites have been selected as representative geomorphosites. In the following list, a brief description of gullies from the selected countries is given.
A) Italy. Permanent gullies are often grouped in severely eroded areas, sometimes forming badlands, where they show spectacular erosion forms. Gully erosion is pervasive in several climatic, geomorphological and lithological situations. It can attain interesting and intriguing landforms in fine-textured lithologies such as calanco amphitheaters ( Fig. 2b ) and biancana fields (Fig. 2a; Vittorini 1977; Alexander 1980; Torri et al. 1994; Calzolari and Ungaro 1998) . B) Spain. The development of gullies is one of the most important and widespread geomorphic processes in Spain because of erosive rains, steep topography, low vegetation cover, land use changes and high erodibility of some bedrocks (mainly marls), particularly in the eastern sector of the Iberian Peninsula ( Fig. 2c-e ; Poesen and Hooke 1997; García Ruiz and López Bermúdez 2009; García-Ruiz et al. 2013) . Quaternary neotectonic activity, aridity since the beginning of the Holocene and recurrent fires have had significant effects on the origin of many gullies (Cerdà 1998; Maher and Harvey 2008) . There are also evidences that intense quarrying activities during the last centuries have triggered gullying processes in Central Spain (Ballesteros Cánovas et al. 2017 ). C) France. Gullies in East France are mainly permanent ones (Mathys et al. 2003 (Mathys et al. , 2005 Yamakoshi et al. 2009) , and most of them developed due to intense soil erosion in the nineteenth century as a consequence of deforestation and overgrazing (Vallauri et al. 2002) . Gullies in France are mainly present on marly terrains in the French Southern Alps, especially in the Digne Prealps and the Baronnies (Fig. 2f ), but they are also present on fluvioglacial alluvial deposits or on moraines in diverse mountainous lands (Ballais 1996; Lecompte et al. 1998 ). D) Romania. The main gully regions in Romania are located in the Moldavian Plateau, Getic Plateau and subCarpathians, especially on deforested hilly areas covered by loess-like deposits, sandy and sandy-clayey layers (Fig. 2g) . The Moldavian Plateau of eastern Romania is the most representative area where gullies are welldeveloped and the average density may exceed 3 km km −2 (Radoane et al. 1995) . All over Romania, the main causes of gully erosion are human activities in areas having high natural risk to gullying. E) Germany. Human-induced soil erosion by water first occurred in the Neolithic and rose during the Iron Age, High Middle Ages, up to Modern Times (Dotterweich 2008; Bork et al. 1998) . This resulted in the formation of gullies and badlands which can be observed in several German regions. Especially, locations in the German uplands (Rhenish Slate Mts., South German Scarplands, Hessian and Lower Saxonian Uplands) have been affected by gully erosion ( Fig. 2h ) (Bork et al. 1998; Stolz and Grunert 2006; Stolz 2008 ; for a review, see Dotterweich 2008) . Figure 3b illustrates the spatial patterns of gully density in the Aar valley (West Germany). F) Slovakia. Extensive areas were affected by gully erosion in the past resulting in the formation of relatively dense network of permanent gullies, exceeding locally 3 km km −2 ; see the map by Bučko and Mazúrová (1958) (Figs. 2i and 4 ). Field observations, however, revealed here and there significantly higher gully densities reaching in some places 11 km km −2 (Midriak 1966; Stankoviansky 2003a ). The most dense gully network is found in uplands and hills (Fig. 4) , where two major factors control concentrated flow erosion rates, i.e. favourable geological conditions (a deep regolith) and land use (mostly pastures and arable land). G) Poland. Total length of the permanent gullies is ca.
40,000 km and the areas characterized by gully densities >0.5 km km −2 cover almost 20,000 km 2 (Józefaciuk and Józefaciuk 1996) . The highest density of permanent gullies occurs in the southern part of the country: in the (Dotterweich et al. 2012 ). H) Belgium. Ephemeral gullies are common in loamy to sandy loam croplands with rolling topography. However, by definition, these ephemeral gullies never become permanent. Therefore, there are few permanent gullies in Central Belgium. These are typically found in the loess belt under luvisols. Two types of permanent gullies can be observed: (1) permanent gullies in old forests (i.e. forested since at least the second half of the eighteenth century) of the loess belt ( Fig. 2k ) and (2) road gullies (sunken lanes) which are mainly found in cropland areas (Vanwalleghem et al. 2003 (Vanwalleghem et al. , 2005 . I) Latvia. Analysis of the spatial distribution of permanent gullies allows to distinguish several regions, where these landforms are common, i.e.
(1) the territories of glacial uplands, particularly in areas where the landscape is dominated by plateau-like hills or large-sized morainic hummocks, (2) the territories along river valleys and proglacial spillways and (3) the territories along tunnel valleys in uplands. In these territories, linear erosion landforms are widespread features in the landscape, and in some places, they constitute a very dense channel network, whereas in lowland areas, permanent gullies occur occasionally and are generally not commosn ( Fig. 2l ; Soms 2011).
Geotouristic Assessment
The selection of countries, regions and sites with gullies was made on the basis of a literature review and field studies. The main criterion was to have one or more representative gully sites for the most important gully regions in Europe. Selected regions are characterized by various natural conditions (i.e. geology, soils, geomorphology and climate), land use and touristic activities. Next, a protocol to collect the most important information about these gully regions (scientific and touristic values) was designed (Table 2) . Going further, a database of potential geomorphosites (gullies) was accomplished and a questionnaire for nine lessons to be learned from each selected gully site was made. The most important educational issues were identified by means of data provided in the questionnaire.
An assessment based on several indicators and subindicators to evaluate the geotouristic values of the selected gullies as geomorphosites was prepared. This assessment was based on the common indicators used in similar studies Reynard et al. , 2016b Vujičić et al. 2011; Kubalikova 2013; Neches 2013; Kubalikova and Kirchner 2016; Warowna et al. 2016) . These indicators were divided into two groups: (i) main values (scientific and educational) and (ii) additional values (functional and touristic). It was assumed that the scientific and educational values of the gully sites are the key features to establish a geomorphosite, but the role of additional values is also important. In total, 24 subindicators were used (Table 2) . One should keep in mind that the evaluation is, to a certain extent, biased by the fact that each gully site was evaluated by a different team of researchers. This could be improved in the future, but it remains quite difficult to travel around with all authors to visit all gully sites for evaluation. However, to reduce the bias, we used as many objective (quantitative) subindicators as possible.
For the data analysis, we also used the geosite assessment model (GAM) proposed by Vujičić et al. (2011) . GAM is a graph (matrix) that consists of nine fields (zones) into which geosites can be classified according to the scores they received in the assessment. The X-axis represents the main values 
Results
Permanent Gullies in Studied Regions
The proposed Italian sites were selected as possible geomorphosites because (i) they are representative of the severely gullied (badlands) landscapes characterizing the Central Italy Pliocene marine deposits; (ii) they are the result of particular interrelations between geomorphic processes and human (economic) activity, culture and history; and (iii) they have been the subject of many scientific investigations and, thus, provide many opportunities for scientific dissemination of geomorphological hazards and human-induced landscape Table 2 Indicators, subindicators and scores for the geotouristic assessment of gully sites as potential geomorphosites (after Warowna et al. 2014, modified) Indicators and subindicators Scores A. Scientific and educational value A1. Scientific knowledge 0.0-unknown, no scientific publications 0.5-only local scientific publications 1.0-several scientific publications, including international publications A2. Rarity 0.0-not among the top three most important geosites in the region 0.5-one of the three most important geosites in the region 1.0-the only geosite in the region A3. Geodiversity 0.0-only one abiotic feature (process) [i.e. geologic, pedologic, geomorphic, or hydrologic] 0.5--2 visible abiotic features 1.0--3 or more abiotic features A4. Degree of degradation 0.0-highly degraded 0.5-slightly degraded (significant geomorphological/geological features are preserved) 1.0-lack of visible degradation (well-conserved) A5. Clarity of features 0.0-low 0.5-medium (primarily for experts) 1.0-high (also for non-experts) A6. Exposure (visibility) 0.0-obstacles to observation all year round (e.g. vegetation) 0.5-obstacles to observation during some seasons only 1.0-no obstacles to observation A7. Educational content 0.0-the site clearly exemplifies features for the educational levels of college and university cycles 0.5-the site clearly exemplifies features for all levels of the educational system 1.0-the site clearly exemplifies features for all levels of education. The site is also suitable for explaining processes of environmental change among social groups or sectors not specifically integrated into the educational system A8. Available educational or promotional products (leaflets, maps, booklets) 0.0-none 0.5-1 or 2 types of products 1.0-3 and more types of products A9. Legal protection status 0.0-none 0.5-landscape park, Natura 2000 1.0-protected site (national park, nature reserve, site of natural interest) B. Functional value B1. Location against road network 0.0-no direct access by paved road 0.5-local road at a distance less than 10 km and the major road at a distance >25 km 1.0-major road at a distance less than 25 km B2. Accessibility (getting there) 0.0-by car and more than 1000 m walking distance 0.5-by car and less than 500 m walking distance 1.0-by public transport and less than 500 m walking distance B3. Direct access (difficulty of reaching the site) 0.0-difficult access (vegetation, type of substratum) 0.5-minor obstacles to access or accessibility during some season(s) of the year 1.0-no obstacles to access B4. Tourism infrastructure (parking lots, resting places, toilets) 0.0-none 0.5-at a distance more than 1 km 1.0-at a distance less than 1 km B5. Food and lodging services 0.0-no food and lodging services for groups of 30 people <15 km 0.5-food and lodging services for groups of 30 people at <15 km 1.0-food and lodging services for groups of 30 people at <5 km B6. Fragility (risks) 0.0-highly fragile by public use 0.5-some deterioration possible 1.0-difficult to deteriorate B7. Form of ownership 0.0-private 0.5-public (restrictions of use, e.g. nature reserve) 1.0-public (no restrictions of use) C. Tourist value C1. Biotic value of the site 0.0-no biotic value 0.5-some biotic value 1.0-rich biotic value C2. Aesthetic value of the site 0.0-site not present in the iconography of the region 0.5-typical aesthetical value for the region 1.0-emblematic site (landmark) of the region C3. Viewpoints in the vicinity 0.0-no viewpoints in the vicinity (3-4 km) 0.5-viewpoint 1-2 km away 1.0-viewpoint up to 1 km away (or the site is the viewpoint) C4. Surrounding landscape (absence of human-induced deterioration) 0.0-considerable human-induced deterioration 0.5-natural/human-transformed landscape transformation (e.g. Aucelli et al. 2014; Del Monte et al. 2014; Neugirg et al. 2016; Torri et al. 2013; Vergari 2015) .
The biancana badlands are characterized by a cascade of irregular domes/rounded cones/hummocks, with a basal diameter typically ranging between 2 and 8 m, and protruding 3 to 7 m above the surrounding soil surface (Fig. 2b) where gully erosion interacts with pseudo-karst processes such as pipes and sinkholes. The calanco badlands (Fig. 2a) are composed of an extremely dissected, rapidly developing landscape, characterized by rill and gully landforms and a very dense dendritic drainage network (Vittorini 1977; Alexander 1980) . Calanco badlands comprise very deep gullies and rills accompanied by mass movements, especially along the gully banks and gully heads.
Four main areas have been selected that have some of the most spectacular gully landscapes in Spain (Figs. 1 and 2c-e):
(1) gullies in a marly, humid and cold environment in the Inner Depression of the Central Pyrenees, resulting in the development of very active badlands (Nadal-Romero et al. 2008 ; Nadal-Romero and Regüés 2010); (2) gullies and associated landforms in the Ebro Depression, a semi-arid environment composed of large mudstone outcrops alternating with sandstone layers (Desir and Marín 2007; Sancho et al. 2008) ; (3) gullies on silica sand bedrock in central Spain located in a semi-arid to subhumid environment with a high diversity of landforms (Lucía et al. 2011; Martín-Moreno et al. 2014) ; and (4) gullies in Southeast Spain, which may be the most wellknown gully and badland region of Europe (Braga et al. 2003; Calvo-Cases et al. 2014) . All gully sites selected in Spain represent distinct geomorphic processes in a variety of climatic and geologic environments, resulting in a large variability of landforms and erosion and sediment transport processes. The presence of the most active and large gully areas is related to lithology and to historical and recent land use changes going back to the Bronze Age in some cases (Constante et al. 2010; García-Ruiz 2010) , while others (SE Spain) are due to the combination of tectonic activity and aridity since the beginning of the Holocene.
Permanent gullies in France are mainly studied in the Southern Alps, on Callovo-Oxfordian marly terrains, and in a mountainous Mediterranean climate (Fig. 2e) . The selected gully sites appear in the Digne Prealps (Draix site) and in the Baronnies. They represent the most spectacular landforms in the country. Four sites, with gully systems all on marly terrains, have been selected. Several issues may be present in the gullies: (i) badlands consisting of typical actively eroding gullies, (ii) restored gullies with vegetation installed on gully slopes and floors together with bioengineering structures and (iii) erosion control programmes began 140 years ago which allow the evaluation of their effectiveness after a long period (Mathys et al. 2003; Cohen and Rey 2005; Rey 2009 ). Scientific values are well-documented because of the several research projects that were conducted here.
Land degradation due to gully erosion has been recognized as a major environmental threat in the southern part of the Moldavian Plateau (east Romania), particularly in the Falciu Hills (Fig. 2g) . Four continuous valley-bottom gullies have been selected for their scientific and scenic values. The scientific value is associated to their very high mean gully head retreat rate (14 m year −1 ) over the last two centuries and the significant sediment yield by gullying representing 54-69% of total soil loss due to water erosion (Ionita 2006; Ionita et al. 2015) . The gullied catchments of the Falciu Hills represent some of the most spectacular case scenarios of human impact on gully erosion in Europe.
As an example for a typical gully region, the Aar valley (Taunus Mts., Rhenish Massif) was selected (Stolz and Grunert 2006; Stolz 2008) . The gullies in the Aar area are concentrated around a former iron work. The density reaches up to 3 km km −2 ( Fig. 3; Stolz 2008 ). Today, most gullies are located under forests and are cut in thick periglacial cover beds of loess-like sediments and local metamorphic rocks and, furthermore, in strongly weathered argillaceous schists. During the seventeenth century and even before, forests in this area have been largely cut. Some of the gully systems form badlands, others are typical dendritic branched. Indicators and subindicators Scores 1.0-natural landscape without disturbing anthropogenic elements C5. Presence of tourist trails and educational paths at the site 0.0-path or trail more than 3 km away 0.5-path or trail up to 3 km away 1.0-the site lies on a trail or path C6. Location in relation to major tourist centres 0.0-more than 15 km away 0.5-5 to 15 km away 1.0-up to 5 km away C7. Additional sites of interest (within 30 min walking distance or up to 5 km by car) 0.0-none 0.5-biotic and anthropogenic (cultural sites) 1.0-abiotic, biotic, and cultural sites, geosites in close proximity C8. Potential demand 0.0-<50,000 inhabitants within a distance of 50 km 0.5->50,000-100,000 inhabitants within a distance of 50 km 1.0->100,000 inhabitants within a distance of 50 km
Gully sites in Slovakia, in the Myjava Hill Land gully region (Figs. 2i and 4) were selected based on their scientific value, i.e. specific linkage of gullies to historical artificial linear landscape elements (Bradlo, Kostolné, Vaďovce), the high gully density (Vaďovce, Kostolné), information on dates of gully formation using historical-religious sources (Prietrž Church), identification of gully stages (Babikovce) and significant contemporary remodelling of historical gullies due to extreme rainfall events in 2009 (Kunov).
The five gullies selected as geosites in Poland are characterized by unique and above-average geoheritage values (Fig.  2j) . All are easily accessible and located close to each other, which makes it possible to visit them in 1 day. Located within a landscape park and a planned geopark, the selected gullies are listed in Poland's Central Register of Geosites. These gullies are also characterized by various scientific (fossil gully from Bronze Age, active gullying, geological profiles, outstanding sunken lane) and touristic values (Zgłobicki et al. 2015b) .
For this study, we selected the old permanent gullies in Meerdaal Forest and those in Neigem Forest in central Belgium for several reasons. Both old forests have very well-preserved old gully systems that formed centuries ago under a different land use type (i.e. cropland or overgrazed land). Such permanent gullies are relatively rare in the loess belt of Belgium because of the limited area covered by forest.
Both forests are open to the public. The characteristics and genesis of these gullies have been discussed in research papers (e.g. Vanwalleghem et al. 2003 Vanwalleghem et al. , 2005 Schotmans et al. 2015) . Gullies in the Meerdaal Forest have been selected because they are, to our knowledge, the only gullies known in Europe dating from the Roman period ( Fig. 2k ; Vanwalleghem et al. 2006) .
Conditions for gully erosion network development in Lower Gauja spillway valley (Latvia) are very favourable due to lithological and geomorphological factors (Fig. 2l) . During incision and deepening of gully channels, cutting through the impermeable strata of clayey or loamy glacial till strata and exposing the water table of unconfined aquifers associated with permeable water-bearing Devonian sandstones resulted in seepage, drainage of groundwater and formation of springs producing permanent runoff in gully channels. This caused extensive branching of gullies and the development of many headcuts and landslide-cirque gullies on the banks of permanent gullies. In many gullies and their branches, Devonian rock outcrops can be observed (Soms 2011 ).
Lessons to Be Learned
Scientific and educational lessons to be learned from the 42 gully sites can be divided into three groups (Table 3 ). The first group comprises lessons that are the main scientific messages in 50% or more of the selected gullies, i.e. (i) active geomorphic processes (62% of sites), (ii) phases of gully erosion in historical times (61%) and (iii) valuable outcrops of bedrock or sedimentary deposits (52%). The second group comprises lessons related to (i) gully erosion as a natural hazard (29%) and (ii) human impact on present-day gully erosion (26%). The third group consists of lessons that can only be learned as very important message in a limited number of gully sites, i.e. reclamation of degraded sites/areas by gully erosion (10%), gullies as important sites for biodiversity (9%), mitigation of gully erosion (8%) and present-day degradation of geoheritage in gullies (2%). It should be noticed that, for example, almost all sites are important sites from the point of view of biodiversity.
There is also a spatial variation of lessons to be learned from the studied gully sites in Europe: The individual regions and countries also differ with regard to lessons to be learned from the gully sites. The largest number of lessons is reported for Spain, France and some sites in Italy, and a smaller number in Belgium, Poland, Germany, Romania, Slovakia and Latvia. It is related to the spatial scale and diversity of the sites. Badlands (geosystem scale) offer more lessons while gullies and gully systems (geofacies scale) are sites with one to three important and interesting scientific messages to the geotourists (Table 3) .
Gullies as Geosites at Country Level
Each country shows different levels of progress in the inventory of geosites and attention to geoheritage. National inventories exist in most countries except for Belgium, Romania and Latvia (Table 4 ). In France, this inventory is still on progress. Gullies in Spain, Italy and Poland are recognized as geosites. Information on the geotouristic values of gullies from Spain and Poland have been published in international or national journals, whereas little or no information is available in Romania and Belgium.
The touristic values of the gully regions under study also show a large variation. In Italy and Poland, these regions have a high touristic value, a developed infrastructure and a high intensity of tourist traffic (Table 5) , even if the reason attracting people is incommensurably more the cultural than the geo part of the attraction, at least in Italy. In contrast, Romania's Falciu Hills region with spectacular gullies lacks touristic infrastructure and is rarely visited by tourists (Fig.  2g) . The other gully regions usually have high natural and cultural values, quite well-developed tourism infrastructure and a moderate to high intensity of tourist traffic.
Geotourist Potential of Gullies
The geotouristic assessment of the selected gullies as potential geomorphosites yielded various results. The maximum total score for individual gully sites in Italy and Spain was 85% of the maximum score (i.e. 24), while in the case of Slovakia and Poland, sometimes it reaches only about 50%. The mean total score for all gully sites at the country level also varied: from 81% for Italy to 62% for Slovakia (Fig. 5) .
The total score for the scientific and educational values of the selected gullies as geomorphosites was quite high with a mean value of 72% of the maximum possible score (i.e. 9). The corresponding scores for Italy, Spain and Romania exceed 80%, whereas gullies in Slovakia, Latvia and Poland received the lowest scores. The total score for the functional values was slightly lower, i.e. a mean value of 70% of the maximum score value (i.e. 7). Gullies in Germany and Slovakia received the highest scores for these values, while those for Spain and Poland ranked the lowest. The selected gullies received the lowest scores for their touristic values (60% of the maximum possible score, i.e. 8), with Italy and Belgium at the top (about 70%) and France and Romania (having just over 50%) at the bottom of the country list (Fig. 6) .
Analyses of matrix (GAM) indicated that over 75% of the gullies were highly rated with regard to the main values (scientific and educational) or additional values (functional and tourist). Twelve gullies (representing about 20% of the total) were highly rated in both general groups of indicators. There are four sites from Italy; two from Belgium, Spain, and Poland; and one gully from Germany and Slovakia. Nine gullies received medium scores in both general groups (Fig.  7) . Twenty-nine gullies belong to the category Bhigh value^of main values; for additional value, only 15 sites are so highly rated.
There is a positive correlation (r 2 = 0.72 and 0.77) between total geotouristic value and scientific-educational value (r 2 = 0.72) and touristic value (r 2 = 0.77). No correlations were found between three main groups of values (scientific, functional and touristic). Out of 24 geotouristic subindicators assessed, the highest mean score (90% of the maximum value) was given for subindicators in the scientific and educational value groups, i.e. scientific knowledge, geodiversity, degree of degradation and clarity of features ( Table 2 ). The lowest score (40% of the maximum value) was given to other subindicators from the same group, i.e. available educational or promotional products (leaflets, maps, booklets) and legal protection status. Some functional and touristic subindicators received poor rating (50% of the maximum value), i.e. accessibility (getting there), aesthetic value of the site, and presence of other sites of interest (within 30 min walking distance or up to 5 km by car). No relation was found between scientific and educational values on the one hand and functional or touristic values on the other hand.
Discussion Scientific and Educational Lessons to Be Learned from Gully Sites
Many gully sites allow one to learn more about the geomorphic processes that shaped them, the geology of the region through the rock types that outcropped in gully walls, the land use during which the gullies formed and developed, the natural hazard they represent, the land cover that caused or controlled the gullies and finally the effective mitigation and reclamation of these erosion features or conditions that lead to their destruction or infilling (Fig. 8) . In this section, a summary of the main scientific and educational lessons that can be learned from gully geomorphosites in the selected European countries is given.
A. Active Geomorphic Processes
Badlands in Spain, Italy and France, located in totally or partially bare landscapes, represent natural laboratories for the study of hydrological and soil erosion processes, i.e. from weathering of the parent material (e.g. mudstones, marls, granite), particle detachment by rain drops, transport by runoff, mass wasting processes, piping erosion and sediment deposition in local colluvial fans as well (Nadal-Romero et al. 2007; Nadal-Romero and Regüés 2010) . Gully channel networks from badlands nicely illustrate how landscapes become dissected and how a drainage network develops. In contrast, permanent gullies in Central and West Europe are typically in a dormant stage. In Poland, however, geomorphological processes such as piping, mass movements and headcut erosion can be reactivated by particular land use changes within gully catchments ( Fig. 8b ; Rodzik et al. 2009 ). A different situation occurs in Romania where currently severe gully erosion processes take place. Gullies within the Falciu Hills are excellent sites for observing status, type and intensity of geomorphological processes ( Fig. 8c; Ionita et al. 2015) .
B. History of Landscape Changes
The permanent gullies under forests testify that past land use changes also triggered severe soil erosion (Fig. 8d) . These gullies were formed during the Bronze Age (Poland), Roman period (Belgium), Medieval times (Germany, Poland and Central Spain) or more recent periods (e.g. Slovakia, Romania and Italy). Such gullies indicate that significant soil erosion today is not always the consequence of modern agricultural techniques and that periods with relevant land degradation also occurred in the past. In Germany, the formation of gullies coincides with the history of charcoal production and iron works in their surroundings.
C. Geological Window
Badland landscapes in southern Europe (Spain, Italy and France) offer favourable conditions for observing the rock types in which they formed (Fig. 8a) . In West and Central Europe, on the other hand, loose sediments deposited during the last glaciation are found. Here, large permanent gullies provide a geological window on fossil and recently formed soil horizons and subsurface sediment layers that are exposed in the gully walls where they can be easily observed. In some cases, the gully is sufficiently deep to outcrop the older bedrock in the gully bottom or walls. For example, such a situation occurs in a gully near Kazimierz Dolny (Poland) where a cross section with the Mesozoic/Cenozoic (K/T) boundary can be observed.
D. Natural Hazard
Gullying considerably affected the life of local inhabitants by decreasing the area of farmland, disrupting transport routes and depositing sediments on cropland, which resulted in extensive afforestation of gullied areas mostly during the last two centuries.
At Civita di Bagnoregio (Italy), the geomorphological hazard made the town to be known as the Bdying town^ (Fig. 8e) , as the decline of the Civita town importance during the centuries testifies to several instability stages. The evolution of the gullied area is particularly evident along the access ridge to Civita, that since 1764 has undergone a lowering of about 40 m. Land reclamation and monitoring programmes have been applied to prevent the spread and worsening of the instability affecting the Civita tufaceous cliffs overlying marine clays. In all the selected Italian sites, the gully hazard also affected farms and villages (such as the Chiusure Village and the Abbey of Monte Oliveto Maggiore), which are threatened by calanco head retreat. Gully erosion is the most important natural hazard in Falciu Hills (Romania). The gullies that developed here in modern times reduce the size of agricultural areas and are a source of considerable volumes of sediment that are transported from the hillslopes to the nearby rivers (Fig. 8c ).
E. Land Cover and Biodiversity
Permanent gullies are usually found under forests in Central Europe where gully erosion rates decreased (e.g. Rodzik et al. 2009 ). The important role of human activities in gully development is confirmed by significant linkages between gullies and anthropogenic linear landscape elements (e.g. roads, parcel borders, earth banks) typical of historical land use patterns. Only a small number of gullies is purely controlled by hillslope topography, namely by thalwegs of dry valleys and dells or by landslides (e.g. Stankoviansky 2003a, b; Dotterweich et al. 2012) . Gully erosion can also be a driver of land use change: in Central Europe, permanent gullies are often found in forest islands within cropland (Baran-Zgłobicka and Zgłobicki 2012). The large gully channels in old forests create a diverse landscape with likely more biodiversity due to the exposure of different lithologies and the microclimate they induce (cfr. road gullies or sunken lanes). In Italy, the obligations imposed by the changing of the sites into protected sites (partly because of endemic plant species, such as Artemisia caerulescens ssp. cretacea, and protected animal species, such as Canis lupus) favoured the ongoing encroachment of most of the gully sites by shrub and ruderal species. This is threatening the natural pioneering plant communities and the appearance of the gully sites, especially the biancana badlands (Maccherini et al. 2011 ).
F. Mitigation, Reclamation and Sometimes Destruction of Gullies
Mitigation and reclamation activities practically do not occur at the selected permanent gullies. In countries such as Belgium, Germany, Poland, Slovakia and Latvia, most Table 2 . Maximum possible score is 24 Fig. 6 Mean total country score for the three categories of geotouristic values of the selected gully sites: a scientific and educational, b functional and c tourist. For indicators and subindicators and related scores, see Table 2 permanent gullies are currently inactive; hence, there is no need to control them (e.g. Vanwalleghem et al. 2003; Stankoviansky 2003a, b; Dotterweich et al. 2012) . The natural succession of forest communities is a process that reduces erosion rates. In southern Europe, on the other hand, badlands occur in sparsely vegetated areas which are not used for crop production; consequently, there is no direct need to control gully erosion. In the French Alps, the selected gully sites offer bestpractice examples of how to control intense gully erosion in marls effectively using a combination of hard and soft engineering approaches, i.e. check dams, live vegetation barriers, and reforestation (Rey 2009 ). The gullied region of Central Spain also provides first-class worldwide examples of geomorphic reclamation solutions for mines developed on silica sand slopes, adjacent to gullies, where gullies are used as an analogous or reference for mining reclamation (therefore, only when this is a result of recent land degradation by humans) ( Fig. 8f ; Balaguer et al. 2014) .
Some permanent gullies in Poland are subjected to degradation due to excessive tourist traffic (e.g. quad traffic). Also, in Spain, the lack of specific regulations concerning off-road vehicles (four-wheel-drive vehicles, quads, and trail motorbikes) might destroy some fragile geomorphological features like pinnacles, biocrusts and other micromorphological features characterizing some badland surfaces. 
Geotouristic Potential of Gullies
The touristic and geotouristic potential of gullies is quite different in each country. In Spain, Italy and Poland, lists of geosites exist and gullies are located within the geoparks, in areas with high tourism value and well-developed infrastructure. On the other hand, gullies in Slovakia, Romania and Latvia are known almost exclusively by scientists. Also, the results of GAM showed that the scientific values of the gully sites are more important than touristic and functional values (Fig. 7) . This indicates a need for more intense (but sustainable) development of tourism infrastructure and services at these sites. Comparing the results of the GAM model for gully sites in Europe with the GAM results presented by Vujičić et al. (2011) , it should be noticed that permanent gullies were ranked higher than sites of Fruška Gora Mountain (Serbia). The study conducted by Vujičić et al. (2011) focusses on loess sections, quarries, and palaeontological sites, but the character of GAM makes it possible to compare results of assessments for different geosites. It should be noticed that none of the studied gully sites belong to the category of low values (main or additional), while in Serbia, two thirds of sites had low additional values and all of them only medium main values (Fig. 7) .
In general, there was no correlation between scientific, functional, and tourist values. Educational and geoheritage promotion actions will thus depend on the level of familiarity with gullies. In places where gullies are tourist attractions, the main priority is to develop geotouristic products. In countries where gullies are unknown to tourists, their promotion as geomorphosites for geotourism has to be part of broader actions to develop tourism in the region and will require much greater investments.
In all countries, the promotion of gullies as geomorphosites must also be part of comprehensive geoheritage management because peculiarities of geology, hydrology and soil science can be showcased here alongside the geomorphological assets. Besides, some gullies also have biotic assets. It should be underlined that gullies have potential for the development of active, nature, sightseeing and cultural tourism.
Gullies as Tourist and Geotouristic Attractions-Present Situation
Most gully sites are spectacular in nature and therefore attract (geo)tourists. However, gullies look like a very familiar geomorphic feature in Romania and, thus, they usually do not represent an attraction for the common people. The calanco and biancana badland landscapes in central Italy define the identity of the territory. This aspect is highlighted by the UNESCO recognition of Val d'Orcia (Lucciola Bella and Landola catchment sites) in the World Heritage List. Likewise, Civita di Bagnoregio is recognized as a regional Natural Monument. These gully sites are also of interest to soft tourism, related to enological and gastronomic tours, cyclo-tourism and religious tourism. At the moment, the cultural landscape and the ecological priorities of the sites are at the same time well-preserved and popularized. At present, the cultural landscape and the ecological priorities of the sites are well-preserved and advertised. The scientific interests of gullies and their progressive degradation or human-induced changes increase tourist appeal through frequent photographical expositions (e.g. in the Radicofani town, Val d'Orcia), thematic museums (e.g. the Geological and Landslides Museum in Civita di Bagnoregio) and interpretive boards along walking trails in the badlands.
The geomorphological component of the landscape is fundamental for the culture that arose in all the gully sites. The tourists appreciating the natural and the cultural landscape must understand the natural and human dynamics that generated them. The use of the term Bgeomorphosite^in the tourist infrastructures should be encouraged, and more collaboration between geotourism and classic tourism experts is needed. In this way, the advertising of gullies as geomorphosites could increase the awareness of equilibrium between human activities and natural processes in order to preserve the identity of the landscape. Furthermore, simulations of soil erosion and runoff could be organized during local tours in the badlands (e.g. by using a rainfall simulator and some beakers for collecting runoff and sediments) to illustrate soil aggregate stability upon wetting, differences in infiltration rates in recently weathered soft rocks and in soils at different stages of soil formation and soil erosion rates.
In Slovakia, until now, gullies play no role in tourism as they are under forests, and current attempts to popularize results of related scientific research are negligible. On the other hand, the tourist potential of selected gully sites is high as their formation and later development reflect relevant stages of regional to local land use history. Under these circumstances, the gully systems could help to reveal the pattern of former plots in the landscape where our ancestors operated. To turn this potential into reality is a great challenge for geomorphologists who so far have only produced scientific information. However, in order to attract geotourists to the gully sites, the interest of regional and local institutions is needed to establish educational paths equipped with interpretive boards.
At both the Meerdaal and Neigem forests (Central Belgium), there are information boards describing the origin of the gullies. Moreover, for the Meerdaal Forest, there is a booklet providing explanations about particular features in the forest, including the old gullies. Being so well-indicated and explained, gullies from these old forests constitute an additional attraction phenomenon for tourists.
The potential of Spanish badlands as geomorphosites is very high, due to a combination of various factors (Gouveia et al. 2016) . Also, scientific publications and divulgation about these gullies are abundant. The main suggestion to promote the gully regions would be to link the geomorphic information with the historical and cultural tourism offered for the same region. In Spain, some gully sites are included in a UNESCO Geopark (e.g. Molina de Aragón-Alto Tajo, http://www.geoparquemolina.es/). In order to promote gullies as geomorphosites, one should include gully sites within the geopark initiatives.
Most gullies in the Aar valley of Germany are located in a peripheral and not densely settled region, without welldeveloped touristic infrastructure in the forests. Therefore, there is nearly no degradation, except by forestry activities, such as construction of forest roads and removal of tree trunks.
Gullies received little recognition as geomorphosites in France. In the main gully regions (i.e. Baronnies and Digne Prealps), little attention is given to gullies by tourism-based websites (tourist office, parks, and Google image websites). Gullied landscape is rarely shown by videos or images of tourism-based websites. In the Digne Prealps, gullies are mainly promoted as an adventure playground for mountain bikers or as scenic landscape for the observation of fossils (e.g. Ichthyosaure de La Robine in the Geopark). The limited recognition of gullies as geomorphosites has also been observed during enquiries among stakeholders and farmers of the Baronnies (Cohen et al. 2015) .
A demonstration site for gully erosion control exists in the Saignon site (La Motte-du-Caire, Alpes-de-HauteProvence, France). Its topic is on BForest restoration and bioengineering for erosion control on marly terrains^. It is a trail, composed of one information board and ten stops with information provided in a notebook. Interpretive boards are present in the Draix site to explain the erosion and sediment-transport processes and the history of the geomorphic processes leading to gully formation as well. A demonstration site is planned for explaining the role of vegetation in reducing erosion and sedimentation and to present bioengineering techniques used for installing vegetation on degraded terrains. An information board has already been set up for explaining the researches devoted to these sites. A path crosses the site and could be used as a support for building the demonstration course.
In the loess region of the Lublin Upland (Poland), gullies are an important tourist attraction and are used to advertise the region (Fig. 9 ). Gullies are a unique landmark in some areas and appear on the cover of tourist guidebooks. Local tourist enterprise called BLand of loess gullies^exists here. A survey of visitors to these areas clearly shows that gullies cut in loess are the most recognizable and most highly rated of geomorphological heritage (Zgłobicki and Baran-Zgłobicka 2013) . Another survey conducted among students of Maria CurieSkłodowska University in Lublin showed that more than 50% of them recently visited a loess gully (Zgłobicki et al. 2015b ). Despite a high rating of the gullies' values, their geotourism potential has not been properly used. There is a lack of educational trails along gullies as well as suitable interpretive boards.
There are many ways to present information for geotourism (Newsome et al. 2012) , namely, geosite panels, viewscape panels, geotrails, geotours, geological gardens, visitor centres and museums. It is also possible to use virtual tours, 3D visualizations (Aldighieri et al. 2016 ) and other modern techniques such as augmented reality and virtual media (Cayla 2014) .
Recommendations for Establishing Gullies as Geomorphosites
There are several actions required to be taken to promote gullies as geo(morpho)sites. The most important ones are presented below.
The promotion of gullies as geomorphosites must be part of the development of geotourism in the region, for example, by including them in initiatives associated with the existing or planned geoparks. It is advisable to emphasize the value of gullies for other forms of tourism (active, nature, cultural).
Educational trails with interpretation boards should be the basic tourism product. Modern techniques and media should also be used to promote gullies as tourist and geotouristic attractions. It is especially important to develop professional and user-friendly webpages-Internet is now a basic source of information about geoheritage.
It is important to develop staff and tour-guide training programmes, especially in less spectacular sites (Newsome et al. 2012) . The gully erosion research community has an important role to play in the promotion of gullies as interesting geosites. It is necessary not only to identify the scientific and educational values of particular gully sites but also to deploy appropriate efforts to develop geotourism products.
It is indispensable to learn from the views of tourists on gullies as tourist and geotourist attractions so that the developed products meet their expectations. One should also study the attitude of local people to geotourism in gully regions and underline the economic and social benefits for them as a result of their development.
Conclusions
Based on a detailed analysis of gully regions and gully sites in Europe, the following conclusions regarding gullies as geomorphosites can be drawn.
Gullies do have a significant educational value as they may contribute to a better understanding of the lithology (via outcrops in gully walls) and hence the geology of a region, active geomorphic processes (erosion and sediment deposition) and phases of historical gully erosion reflecting significant environmental changes (human-environment interactions, climate). The scientific aspects that can be highlighted at particular gully sites varied, but they always consist of at least three to four topics.
The geotouristic potential of gullies varies significantly within this subcontinent: it is the highest in Italy and Spain and the lowest in Romania and Latvia. This results primarily from the level of touristic development in the studied gully regions and sites. Therefore, promotion of gullies as geomorphosites varies as well.
Currently, the geotouristic exploitation of gullies in Europe is quite limited. Except for isolated sites in southern Europe, Belgium, Poland and Germany, gullies are not known to (geo)tourists. Their popularity does not always correspond to their geoheritage value. Geomorphologists dealing with gullies and gully erosion must get more involved in developing geotourism in the regions with permanent gullies.
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